background: Marked changes have occurred in in vitro fertilization (IVF) methodology during the past 25 years but also in characteristics of couples undergoing treatment.
Introduction
Since the first infant born after in vitro fertilization (IVF) was reported in 1978, IVF has become a standard method in the treatment of infertility. Close to 4 million infants have now been born around the world after IVF treatments. Since the introduction of IVF, many technical modifications have been made. The first pregnancy from a cryopreserved embryo was described in 1983 (Trounson, 1983) . Intracytoplasmatic sperm injection (ICSI) was introduced in 1992 (Palermo et al., 1992) and opened up a possibility to treat male infertility as well. Other changes have occurred in the characteristics of treated patients, in ovarian stimulation treatment, in the procedure of embryo culture and the media used, the timing of embryo transfer, etc. The possible effect of each separate step has sometimes been analysed but there have been relatively few studies which have tried to describe changes in the IVF panorama based on national figures (Nygren and Nyboe Andersen, 2001; Klemetti et al., 2002; Nyboe Andersen et al., 2009) .
The first IVF baby in Sweden was born in 1982. Data on infants born after IVF for the period 1982-2001 have previously been published (Källén et al., 2005a, b, c, d) and have in the present study been supplemented with information up to deliveries in 2007.
The use of IVF has been shown to be associated with various pregnancy and neonatal problems, most significantly due to the high rate of multiple births. The scope of the present study is to describe trends over 25 years in maternal and neonatal outcomes after IVF in Sweden.
Materials and Methods
Data on deliveries and neonates after IVF were collected during three periods, IVF procedures from 1982 to 31 March 1997, from 1 April 1997 to 31 March 2001 and from 1 April 2001 to 31 December 2006 . Deliveries occurred in 1982 -2007 . Details on data collection have previously been published (Källén et al., 2005b) . Information was retrieved from all IVF clinics in Sweden and contains the identity of the woman, treatments performed, date of embryo transfer and method used. Women were identified by their personal identification number which everyone living in Sweden gets and which is extensively used in society and in all health care. In order to get information on the pregnancy and the neonatal period, linkage was made with the Swedish Medical Birth Register, which contains information on practically all births in Sweden (National Board of Health and Welfare, 2003) . The register is based on copies of standardized medical forms (identical in the whole country) from the antenatal care service, the delivery unit and the paediatric examination of the newborn. The data used in the trend analyses are shown in Table I .
Pregnancy duration, birthweight and small-for-gestational age were studied in singletons, comparing singletons after IVF with singletons in the population. Pregnancy duration was mainly determined from second trimester sonography (National Board of Health and Welfare, 2003) both in pregnancies in the general population and after IVF. The rate of preterm birth among singletons declined slightly in the population from 5.5% to about 5%. Small-for-gestational age estimates were based on sex and parity specific intrauterine growth curves determined from the Medical Birth Register (Källén, 1995) and means ,2 standard deviations from expected weight for each pregnancy week.
The maternal and neonatal diagnoses studied were selected because previous analyses had shown an increased risk for these conditions (Källén et al., 2005b, d) .
Maternal ages were compared as medians. Rates were expressed as percentages. When rates in the background population had changed, crude or adjusted odds ratios (ORs) were shown instead of percentages: ORs for women aged 35 or more, ORs for low and high education, ORs of infants to having a malformation and ORs for delivery and neonatal diagnoses. The total population (or a subgroup of it, such as singletons) was used as a reference. ORs were determined using the Mantel -Haenszel method adjusting for year of birth, maternal age, parity and smoking. No adjustment for socioeconomic factors could be made but in Sweden socioeconomic differences are relatively small and only minimally affect pregnancy outcome. Confidence intervals (CI) were determined with Miettinen's technique. Trends in ORs were studied in a weighted linear regression analysis of the log (ORs).
The presence of congenital malformations was ascertained only from the Medical Birth Register in order to minimize the effects of differences in ascertainment in other registers. In order to minimize variability, analysis of malformations was restricted to 'relatively severe malformations' as defined in Table I . The excluded conditions are relatively mild and are registered with different completeness in different hospitals.
Results
The material consists of data on 27 386 deliveries after IVF and with 31 850 infants. Table II shows the annual number of deliveries and infants born after IVF and the annual percentages of all deliveries and of all infants born. The low number of IVF births in 2007 is due to the fact that only pregnancies after embryo transfer before 1 January were included. The somewhat low number in 2001 could be random, due to data loss between the two data collection periods or possibly due to the introduction of single embryo transfer. Towards the end of the study period, between 2 and 3% of all infants born were from IVF pregnancies.
Trends in the in vitro methods used 
Delivery and neonatal outcome after IVF in Sweden
Trends in the maternal characteristics
The median age at delivery among women who had their first infant after an IVF declined slightly from 34 years during the first period to 32 years in 1999 and then increased somewhat to 33 years and remained stable thereafter ( Fig. 2A ). During the study period, the median age of all women in the population who delivered their first infant increased from 25 to 28-29 years. This increase was not mirrored in the median age of women who had their first IVF. When ORs were calculated for an age at delivery of 35 years or more among women treated with IVF compared with the general population, this phenomenon leads to a marked decrease in ORs from the early 1990s to year 2000 (Fig. 2B ). The percentage of first-born infants after IVF pregnancies changed only little during the observation period but a slight decline was seen (Fig. 2C ). Maternal smoking in early pregnancy decreased markedly during the observation period both among women who underwent IVF and among all women who had an infant (Fig. 2D ) but the smoking rates among IVF women was lower than among other women during the whole period.
The percentage of over-weight women increased during the observation period (Fig. 2E ) both among women who had an infant after IVF and among other women. The graph for IVF lies a little above the population graph for nearly the whole period.
Among women treated with IVF with information on the length of a period of unwanted childlessness, the percentage with such a period of at least 3 years decreased markedly during the observation period, from nearly 100% to about 75% (Fig. 2F) . The graph referring to the population shows the percentage of women who had reported a period of unwanted childlessness, independent of its length. A weak increase was seen in that graph.
Compared with the general population, there was a greater percentage of IVF women with high education, but it changed little during the observation period [ORs varying between 1.42 (95% CI 1.21 -1.66) and 1. Trends in the occurrence of multiple births
As seen in Fig. 3 , the twinning rate after IVF increased markedly during the first years to reach a maximum in the beginning of the 1990s of around 30% and then gradually declined during that decade until 2002. Thereafter a sharp decline occurred to an 5% level. The number of higher order multiple births after IVF treatments is shown in Fig. 4 . After 1993, the number of triplets was halved for a few years and was then reduced further to just a few births each year. No quadruplets were born after IVF after 1992.
Trends in maternal and neonatal diagnoses Figure 5 shows a steady decline in the risk for pre-eclampsia and also for premature rupture of membranes (PROM) after IVF. In both instances, the risk graphs for singleton IVF pregnancies were lower than the graphs for all IVF pregnancies and there was a weak decline in both graphs. In contrast to this, the risk for placental abruption did not change much during the observation period but was somewhat lower for IVF singleton pregnancies than for all IVF pregnancies. For placenta previa there was even an initial increase in the OR which levelled out during the last three study periods and there was little difference between the graphs for all IVF pregnancies and for IVF singletons only. Trends in preterm birth, low birthweight and small-for-gestational age after IVF are shown in Fig. 6 . There was a sharp decrease in the total rate of preterm births, due to a large extent to the reduction of the rate of multiple births, but also among singletons there was a clear-cut downward trend. The changes in rates were similar for infants born before Week 32 and infants born before Week 37. Similar trends were seen for low birthweight. Among singletons, there was also a declining trend in the rate of small-for-gestational age. The figure also shows the ORs for 'relatively severe malformations' after IVF. During two early years (1991 -1992) , the ORs were high but for the rest of the period the risks were lower and an uncertain decline in the OR occurred in spite of the marked decline in twinning rate.
Among neonatal diagnoses after IVF (Fig. 7) , there was a decline in the ORs for intracerebral bleedings, respiratory symptoms, use of continuous positive airway pressure (CPAP) and, less clearly, for use of mechanical ventilation and for sepsis/pneumonia but little changes in the OR for convulsions. In all diagrams for neonatal conditions except for convulsions, the graphs for IVF singleton infants were below those for all IVF infants but they approached each other towards the end of the period. There was no initial significant increase in the risk of stillbirth among infants born after IVF yet there was a weak decline towards the end of the period, leading to a lower than expected rate. The OR for neonatal death was increased in the early part of the study period for all infants born after IVF but this declined markedly later on (Fig. 8) . The latter decline is mainly due to the reduction in multiple births.
Discussion
This study showed a clear-cut trend of improvement of delivery and neonatal outcomes during the 25 year-long observation period. The study was population-based and women's characteristics, pregnancy complications and neonatal outcomes were obtained from a nationwide register based on standardized medical records. The number of IVF pregnancies was large and permits analysis also of relatively rare conditions. The fact that the analyses were based on a health register is also a weakness as it can be expected that, for instance, maternal and neonatal diagnoses were not completely ascertained and perhaps sometimes inexact. However, there is little reason to believe that the fact that the pregnancy came after IVF would in any major way affect the quality of the diagnoses. The information on IVF was not routinely available for the paediatrician when deciding on neonatal diagnoses.
Relatively A Finnish study (Klemetti et al., 2002) compared outcomes for the 1991-1993 and 1998-1999 periods and found a decline in the multiple birth rate, a slight decrease in the risk for preterm birth and low birthweight in singletons and a greater decrease among multiple births. The authors concluded that the main cause of the better perinatal outcome was the decrease in the rate of multiple births. A previous Swedish study (Källén et al., 2005a) also found a marked decrease in the rate of multiple births, resulting in a marked reduction in the rate of preterm births.
Marked changes in the outcome after IVF have occurred during the 25 years observation period. To a large extent these changes are due to the significantly reduced rate of multiple births: from around 30% to about 5%. This drastic change in multiple births is due to the reduction of the number of transferred embryos in the early 1990s from a norm of three embryos to two embryos. Then in the early 2000 a change to single embryo transfer occurred. The National Board of Health and Welfare in 1993 published advice about restricting the number of transferred embryos after IVF and in 2002 came a statue book stating that after extracorporeal fertilization, as a rule only one embryo may be transferred but if the risk of a twin pregnancy was judged to be small, two embryos could be transferred. Higher order multiples declined sharply. It is not known if fetal reductions have contributed to this change but in a previous study referring to the period 1986-1992, it was found that fetal reduction occurred in only one of seven of pregnancies with three or more fetuses (Rådestad et al., 1996) . Some other methodological changes in IVF have also taken place as pointed out in the Introduction. Previous analyses have indicated that, with few exceptions, the actual IVF technique has little impact on the pregnancy and neonatal outcome (Källén et al., 2005b, d; Romundstad et al., 2008) . The most dramatic change has occurred in the percentage of ICSI procedures performed but little difference in the outcome after standard IVF and ICSI is seen.
The marked increase in ICSI indicates an increasing percentage of treatments performed due to male infertility even though ICSI has also been performed under other circumstances. We have previously shown that some pregnancy complications are less common after ICSI than after standard IVF (Källén et al., 2005d) which most likely is due to the fact that, generally speaking, with male infertility, ICSI and with female infertility, standard IVF is used. The complications studied were associated with female infertility. However for placental complications (previa and abruption), no clear-cut decline has occurred. Notably placenta previa may be a direct consequence of the IVF procedure as previously suggested (Källén et al., 2005d) .
The introduction of ICSI and the annual increase in IVF treatments made may change the characteristics of the treated women. In spite of the increasing median age in the general population of women who give birth, the median age of women who undergo IVF did not change much. The percentage of first parity women declined slightly coinciding with the wide-spread use of ICSI techniques. The decreasing smoking rate mirrors the trend in the general population and the same is true for the increasing BMI trend. The changes in both these variables will lead to increased birthweight. We have only little information on socioeconomic conditions but there was a change observable with a decline in the proportion of women with a low educational level. The proportion of cycles reimbursed by society has remained at about 50% since IVF treatment started, varying between one and three free cycles per couple in different parts Sweden. The most interesting change in maternal characteristics is perhaps the declining percentage of women who report three or more years of unwanted childlessness which indicates that during the observation period the proportion of women who have accessed IVF already during the first 2 years of trying to conceive has increased even though they still only represent about 20% of all IVF women.
The changes in some of the neonatal conditions were drastic, notably for preterm birth, low birthweight, the risk for intracranial haemorrhage and respiratory symptoms including the use of CPAP and to a lesser extent mechanical ventilation. These effects are to a large extent the result of the decreasing rate of twinning but also among singletons a clear-cut decline was seen, for the above factors as well for the rate of small-for-gestational age. We have previously shown that these effects, to some extent, are associated with the Figure 6 Trends in percentages of very preterm birth (,32 weeks), preterm birth (,37 weeks), very low birthweight (,1500 g), low birthweight (,2500 g) and small-for-gestational age (SGA) and in OR for relatively severe malformations compared with non-IVF infants. Unbroken lines in the first four figures represent all infants born after IVF and dashed lines singleton IVF infants, compared with the general population. The line for SGA is based only on singleton infants. infertility problems of the women and it is therefore likely that the changes discussed above in the women undergoing IVF are at least a major contributor to the effects (Källén et al., 2005b) . A study from Norway has recently stressed the importance of maternal characteristics and not actual IVF technique for the outcome (Romundstad et al., 2008) . Finally, an explanation to the declining rates of neonatal complications could be a result of a change in obstetric management of IVF pregnancies resulting in less frequent Caesarean sections.
In contrast to these changing trends, no major change in the rate of congenital malformations was seen. It is known that the ascertainment of malformations in the Medical Birth Register is incomplete, but it is unlikely that the paediatric registration of malformations is markedly influenced by the knowledge that a pregnancy is the result of an IVF or not. The congenital malformation risk is (with a few exceptions) not affected by dizygotic twinning and it is therefore to be expected that the decline in twinning rate should have no substantial impact on malformation rates. The relatively constant rate of total malformation rate may well hide temporal changes in the rate of specific malformations. Some malformations are detected by sonography during pregnancy which may either lead to an interruption of the pregnancy (e.g. anencephaly) or to a better neonatal diagnosis of some malformations (e.g. hydronephrosis). As practically all pregnant women undergo second trimester sonography, there should be little difference in detection rate between women pregnant after IVF and other women. A woman who had a period of infertility may be less prone than other women to interrupt her pregnancy in case of the detection of a congenital malformation. An example when this seems to be true is the situation with twin fetuses, one of which has anencephaly (Källén et al., 2005c) . Such rare instances matter little quantitatively.
In spite of the fact that a large proportion of IVF treatments the last few years involve single-embryo transfer, the proportion of IVF infants born in Sweden has not declined markedly, because an increasing number of women undergoing IVF treatment. To conclude, major improvement in the outcome after IVF can be seen for both obstetric and neonatal variables, to a large extent due to the strong decline in the rate of multiple births following the reduction in the number of embryos transferred. Some effects are seen also with singleton births and they may to some extent be due to changes in characteristics of patients undergoing IVF, for instance a shortening of the period of childlessness before IVF treatment begins and an increased use of ICSI, indicating that an increased proportion of IVF procedures are made because of paternal subfertility problems.
